In this work we present the most comprehensive INTEGRAL AGN sample. It lists 272 AGN for which we have secure optical identifications, precise optical spectroscopy and measured redshift values plus X-ray spectral information, i.e. 2-10 keV and 20-100 keV fluxes plus column density. Here we mainly use this sample to study the absorption properties of active galaxies, to probe new AGN classes and to test the AGN unification scheme. We find that half (48%) of the sample is absorbed while the fraction of Compton thick AGN is small (∼7%). In line with our previous analysis, we have however shown that when the bias towards heavily absorbed objects which are lost if weak and at large distance is removed, as it is possible in the local Universe, the above fractions increase to become 80% and 17%. We also find that absorption is a function of source luminosity, which implies some evolution in the obscuration properties of AGN. Few peculiar classes, so far poorly studied in the hard X-ray band, have been detected and studied for the first time such as 5 XBONG, 5 type 2 QSOs and 11 LINERs. In terms of optical classification, our sample contains 57% of type 1 and 43% of type 2 AGN; this subdivision is similar to that found in X-rays if unabsorbed versus absorbed objects are considered, suggesting that the match between optical and X-ray classification is overall good. Only a small percentage of sources (12%) does not fulfill the expectation of the unified theory as we find 22 type 1 AGN which are absorbed and 10 type 2 AGN which are unabsorbed. Studying in depth these outliers we found that most of the absorbed type 1 AGN have X-ray spectra characterized by either complex or warm/ionized absorption more likely due to ionized gas located in an accretion disk wind or in the biconical structure associated to the central nucleus, therefore unrelated to the toroidal structure. Among 10 type 2 AGN which resulted to be unabsorbed, at most 3-4% is still eligible to be classified as a "true" type 2 AGN.
INTRODUCTION
Observations of Active Galactic Nuclei (AGN) have revealed that many of them are obscured by material (dust and gas) located within the inner tens of parsecs of the central engine (see e.g. Bianchi et al. 2012 for a review) and intercepted by our line of sight. This obscuring material will influence both the AGN and our observations, and the study of its properties is fundamental for an unbiased understanding of AGN physics. For example obscuration by gas and dust is a key ingredient of the AGN Unified Scheme, which proposes that ⋆ E-mail address: malizia@iasfbo.inaf.it type 2 and type 1 AGN are intrinsically the same type of object viewed from different orientation angles (Antonucci 1993) : when our line of sight does not intercept any absorbing material the source is classified as a type 1 AGN while in the opposite case, where we see obscuring gas and dust, the source is defined as a type 2 AGN. The absorbing material which determines the two main flavours of active galaxies is most likely a toroidal structure (doughnut like or clumpy) thought to be present in all AGN. How many objects are absorbed or not and what is the distribution of absorption among all objects are important information for AGN studies. Cosmic X-ray background (CXB) synthesis models, in the context of the AGN Unification the-ory and based on a combination of absorbed and unabsorbed AGN, have been quite successful in reproducing the overall broadband spectral shape of the observed background (Gilli et al. 2007 ), but they need accurate observational information on the absorption parameter. Absorbed sources constitute also an important ingredient for the IR and the sub-mm backgrounds, where most of the absorbed radiation is re-emitted by dust (e.g. . Many important issues related to the population of absorbed AGN are still to be understood, like the number of type 2 QSO, the nature of the X-ray bright optical normal galaxies (XBONG), the role of LINERs and the relationship between optical absorption and X-ray obscuration. Because of the effect it may have on observations, absorption can be problematic for surveys performed at various wavebands and this is the main motivation for performing AGN surveys above 20 keV. In this work we have gathered a large number (272) of AGN detected by INTEGRAL, collected their optical classification and X-ray column density measurements in order to be able to study the absorption properties in a large sample of hard X-ray selected AGN, explore the nature of absorption in XBONGs, type 2 QSO's and LINERs and finally compare the optical classification with the X-ray absorption as a tool to test the AGN Unification Theory. It is worth noting that these studies have often been performed employing samples of AGN observed in the soft (below 20 keV) X-ray band and only recently with the advent of enough AGN being detected at higher X-ray energies have similar studies been attempted for the first time. The paper is organized as follows: the INTEGRAL AGN catalogue is presented in section 2, the study of absorption properties including a discussion on the fraction of heavily absorbed objects is reported in section 3, peculiar objects belonging to the LINER, XBONG and type 2 QSO classes are presented in section 4. In section 5 the optical classification versus X-ray absorption has been treated and in subsections 5.1 and 5.2 the absorbed type 1 AGN and unabsorbed type 2 AGN have been discussed. The summary and conclusions are drawn in section 6.
THE INTEGRAL AGN CATALOGUE
In the 4th INTEGRAL/IBIS survey (Bird et al. 2010) there are 234 objects which have been identified with AGN. To this set of sources, we have then added 38 galaxies listed in the INTEGRAL all-sky survey by Krivonos et al. (2007) updated on the website 1 but not included in the Bird et al. catalogue due to the different sky coverage (see source names in bold in the Appendix). The final dataset presented and discussed in this work therefore comprises 272 AGN (last update March 2011), which represents the most complete view of the INTEGRAL extragalactic sky to date. Although new source identifications/classifications are continuously coming in (e.g. Masetti et al. 2012 ), they are not considered in the present dataset because they are not properly characterized in X-rays (see below). In the Appendix we present the full catalogue, listing all 272 INTEGRAL AGN together 1 http://hea.iki.rssi.ru/integral/survey/catalog.php The INTEGRAL/IBIS AGN catalogue I 3 with their optical coordinates, redshift, class, 20-100 keV flux and X-ray data (2-10 keV flux, column density and reference work from which these data have been taken). The sample has two great strengths: a) all sources have optical spectra, which means a secure identification and a measured redshift (the only exception is the BL LAC object RX J0137.7+5814 for which no redshift measure is available), and b) all sources have X-ray data available, which provides a measure of the intrinsic absorption in each source. Until recently, 34 sources did not have X-ray (2-10 keV) coverage mainly due to the fact that they are newly discovered AGN; for these sources X-ray data available from the Swift and XMM-Newton archives have been analysed and the results were published by Malizia et al. (2011) except for IGR J04221+4856 which has been recently observed by Swift and the measurements of 2-10 keV flux and column density are reported here for the first time (see table in the Appendix). It is also worth noting that for each source we have verified that the X-ray counterpart of the IBIS object corresponds to the optical identification. In order to assign to each object the most appropriate optical class, we have searched the literature thoroughly and when possible have also compared the class reported in NED (NASA Extragalactic database) with that listed in the 13th edition of the Veron-Cetty, Veron extragalactic catalogue (2010); a significant number of AGN in the sample have been classified through our own follow up work (Masetti et al. 2012 and references therein) . In these cases, we have adopted the classification criteria of Veilleux & Osterbrock (1987) and the line ratio diagnostics of both Ho et al. (1993 Ho et al. ( , 1997 and Kauffmann et al. (2003) ; for assigning Seyfert subclasses (1.2, 1.5, 1.8, and 1.9), we have used the Hα/[OIII]λ5007 line flux ratio criterion described in Winkler (1992) . We have generally preferred the most recent classification and, in case of conflicting results, we have always checked the optical spectra before assigning the most appropriate optical type. The overall result is a list of AGN properly characterized at optical, soft and hard X-ray frequencies thus available for population studies. In figure 1 the whole sample is reported in the classical 20-100 keV luminosity vs redshift plot. The luminosities have been calculated for all sources assuming H0=71 km s −1 Mpc −1 and q0 = 0. All AGN have been plotted using three different symbols and following the optical classification (broad line (BL) and narrow (NL) AGN plus blazar); a more detailed analysis of the various optical classes also in terms of absorption, can be found in section 5. From figure 1 it can be estimated that our sensitivity limit is around 1.5 × 10 −11 erg cm −2 s −1 . We find that the source redshifts span from 0.0014 to 3.7 with a mean at z=0.1477 and a peak in the distribution at z = 0.015; while the Log of 20-100 keV luminosities (in erg s −1 ) ranges from 40.7 to ∼48 with a mean at around 46, although the peak of the distribution is at 43.9. NGC 4395 (a Seyfert 2) is the closest and least luminous AGN seen by INTEGRAL, while IGR J22517+2218 (a broad line QSO) is the farthest and most luminous one; the former hosts a relatively small central black hole (M ∼10 4 -10 5 M⊙, Filippenko & Ho 2003) while the latter houses a more massive object (M = 10 9 M⊙, De Rosa private communication). In conclusion, the present INTEGRAL sample spans a large range in source parameters and is therefore rep- resentative of the population of AGN selected in the hard X-ray band.
ABSORPTION PROPERTIES
Since hard X-ray selected samples provide the most accurate estimate of the fraction of absorbed objects as well as 4 A. Malizia et al. of Compton thick AGN, we can use the present sample for this purpose. The column density distribution for the entire sample is shown in figure 2. Here and in the following we assume NH = 10 22 cm −2 as the dividing line between absorbed and unabsorbed sources: this is the value conventionally used because it corresponds to a column density sufficiently high to hide the broad line region (BLR, Silverman et al. 2005) . It is also worth noting that for a number of objects we did not measure any absorption in excess of the Galactic value and have therefore used the Galactic column density as an upper limit to the source intrinsic absorption. With the assumptions made above the fraction of absorbed objects present in our sample is 48% as can be seen in figure 2. Within our catalogue we find 15 mildly (1.5 × 10 24 NH 10 25 cm −2 ) and 3 heavily (NH 10 25 cm −2 ) Compton thick AGN (the full list of objects can be extracted from the table in the Appendix ); we therefore estimate the fraction of Compton thick objects to be around ∼7%, in full agreement with estimates available in the literature , Burlon et al. 2011 . Despite the fact that hard X-ray instruments are the least biased in terms of detecting absorbed AGN, they still miss some Compton thick objects, essentially those with weak (intrinsic) fluxes and at large distances. This has been fully discussed by Malizia et al. (2009) and Burlon et al. (2011) , who have shown that once the correction for this bias is applied the real intrinsic fraction of Compton-thick AGN is around 20-24%. In particular, in our previous work ) we have adopted a redshift cut (z=0.015 or 60 Mpc) in a complete sample of INTEGRAL AGN in order to remove the bias and to probe, although only locally, the entire AGN population. Following this reasoning and using the present much larger sample of objects, we should be able to expand this study and to confirm our previous hypothesis, having in mind that the present sample is not complete. For comparison with our previous study, we have divided our sample in the same bins of redshift (up to z=0.57 considering only the AGN with Log L 20−100 keV 46) and plotted the fraction of absorbed (NH >10 22 cm −2 ) objects compared to the total number of AGN in these bins. The result is shown in figure 3 for the present sample (red points) and for that used in Malizia et al. (2009) 
(black points).
A number of considerations can be made from this figure: first, the bias is still present as we keep observing a trend of decreasing fraction of absorbed objects as the redshift increases; second, we note that in the first bin the fraction of absorbed objects remains the same as found in our previous analysis: in particular we find that, over the 66 objects present in this bin, 53 (or 80%) have a column density 10 22 and 11 (or 17% ± 3%) are Compton thick. Taking into consideration the fact that this is not a complete sample, these results are in close agreement with those found previously and confirm our original suggestion that our survey is able to pick up all AGN, even the most absorbed, but only in the local Universe. Finally, we note that the fraction of absorbed (and Compton thick) AGN has increased in the second bin from 35% to 57% (including 4 Compton thick sources), implying that as the INTEGRAL survey enlarges, we are able to pick up more absorbed objects among those which are distant and faint and therefore lost in previous catalogues. We have also looked for a trend of decreasing fraction of absorbed AGN with increasing source hard Xray luminosities. This effect, which is well documented in the X-ray band (Ueda et al. 2003 , Hasinger et al. 2005 , La Franca et al. 2005 , Della Ceca et al. 2008 , has also been observed at higher energies and references therein) and is found in our sample too. In figure 4 we show how the fraction of the AGN with NH 10 22 cm −2 in the INTEGRAL sample changes with 20-100 keV luminosity where the width of each bin has been chosen so that the number of objects in each is constant (∼34). Again, the fraction of absorbed sources is around 80% at low luminosities, decreasing to ∼20% at higher luminosities. At the moment it is not possible to discriminate as to whether the redshift effect may have contaminated this result or if it is a direct consequence of the evolution of AGN luminosity function with z, but this issue will be addressed in more detail in a dedicated paper. Summarizing our results, we conclude that the bias effecting deep hard X-ray surveys of AGN is real but negligible if we deal with objects located in the nearby Universe, where the "true" fraction of absorbed and Compton thick objects can be estimated with some precision at 80% and ∼17% respectively.
PECULIAR SOURCES
A few interesting classes of objects are now emerging in the INTEGRAL surveys; these are discussed in some detail in the following sub-sections.
XBONG
One of the most interesting findings of recent soft X-ray surveys is the existence of XBONGs, i.e. X-ray Bright Optically Normal Galaxies . These sources are characterized by an X-ray luminosity of 10 43 -10 44 erg s −1 but are optically dull, i.e. they are hosted by normal galaxies whose optical spectra show no emission lines. Different interpretations have been suggested to explain these unusual properties (Trump et al. 2009 ) including: heavy obscuration by gas covering almost 4π of the nuclear source; a Radiatively Inefficient Accretion Flow (RIAF) which provides a featureless hard X-ray spectrum and negligible emission in the optical and UV bands; and finally dilution of nuclear emission from the host galaxy starlight which prevents the detection of the AGN optical spectrum (Moran et al. 2002) . Although these explanations provide a good description of the observed properties of a few objects, the nature of XBONGs is still the subject of debate and recent studies suggest that they could be a mixed bag of different source typologies (Civano et al. 2007) .
In the present sample of INTEGRAL AGN there are 5 objects classified as XBONG (see table in the Appendix); all 5 are heavily absorbed in X-rays (Log NH from ∼23 up to 24 cm −2 ) and quite bright (L 20−100 keV in the range 6×10
42 -6×10 44 erg s −1 ). Clearly, option one is a viable explanation to account for their properties, while it is difficult to reconcile a RIAF accretion model with the X-ray brightness of our objects. We also note that 4 out of 5 sources are optically very bright as they are listed in the USNO B1 catalogue with R 10.3; the only exception is IGR J17009+3559 which has R=14.4 but is also the XBONG with the highest redshift (z=0.13). This suggests that the dilution hypothesis (bright galaxy host) combined with heavy obscuration may be the explanation for the peculiar optical classification of our objects.
Type 2 QSO
Type 2 QSO are the high redshift/high luminosity counterparts of local Seyfert 2 galaxies. They play an important role in our understanding of the Universe as their existence in considerable numbers is needed for the synthesis of the Xray background (Gilli et al. 2007 ). They are also important objects in the subject of the evolution of absorption with intrinsic luminosity and/or redshift; this is an issue which is still matter of intensive debate, but potentially very important for the influence that it can have on many astrophysical issues. Despite much effort put into their search/quest, very few type 2 QSO have so far been found especially at very high redshifts. They are hard to discover because a significant fraction of their emitted power is absorbed by an optically thick torus and, since they are distant/faint, they are missed by most surveys; in particular, the lack of emission lines over a wide wavelength range hampers their identification in the optical. Hard X-ray surveys are ideally suited for this purpose as they can penetrate the torus in most objects. The definition of type 2 QSO is somewhat arbitrary and depends on the waveband used to find them. In X-rays the definition first introduced by Mainieri et al. (2002) is generally adopted: a type 2 QSO has to have an intrinsic X-ray luminosity of L > 10 44 erg s −1 (0.5-10 keV) and an absorbing hydrogen column density of NH > 10 22 cm −2 . Unfortunately, we do not have 0.5-10 keV luminosity information for all our objects, but can adopt the 2-10 keV band as a measure of the X-ray brightness and the same threshold in luminosity (> 10 44 erg s −1 ) and column density (NH >10 22 cm −2 ) used by Mainieri et al. (2002) . We have 12 sources fulfilling the above criteria; however 4 of then are local Seyferts (z <0.1) and cannot be considered as type 2 QSO while 2 of them, PKS 1830-211 and IGR J22517+2218 are high redshift blazars in which the high column density measured may not be related to the toroidal structure implied by the AGN unified theory. PKS 1830-211 (z = 2.507) is a complicated system, gravitationally lensed by an intervening galaxy at z = 0.89. The observed flattening in the X-ray spectrum at low energies has been interpreted in other ways: either as absorption coming from the lensing galaxy, or due to a change in the source spectral shape related to its blazar nature (Zhang et al. 2008 ). This last interpretation has also been used in the case of the other absorbed blazar IGR J22517+2218 ). The other source to explain is IGR J10147-6354, classified as a Seyfert 1.2 at z=0.2, where the absorption, as well as in other type 1 AGN, is less easy to understand and will be the subject of an in-depth analysis in section 5. We are left with 5 objects which display evident narrow emission lines in their optical spectra and therefore qualify to be type 2 QSO: IGR J00465-4005, SWIFT J0216.3+5128, IGR J09523-6231, IGR J12288+0052 and IGR J23524+5842. Only IGR J09523-6231 is a type 1.9 AGN implying that a weak broad Hα emission line is present in its optical spectrum. The 2-10 keV luminosity of these objects goes from 3.6 × 10 44 erg s −1 to 5.6 × 10 45 erg s −1 while in the 20-100 keV band ranges from 7.6 × 10 44 erg s −1 to 7.8 × 10 45 erg s −1 . The maximum absorption is measured in IGR J00465-4005 with NH ∼ 2.4 × 10 23 cm −2 (Landi et al. 2010a) . Despite early indications that IGR J12288+0052 could be a Compton thick AGN we find that it is only moderately absorbed (Fiocchi et al. 2010 , but see considerations in section 5.2); it is also the source at the highest redshift (0.5756) within this group. Type 2 QSO constitute therefore a small fraction (2%) of the entire AGN population selected in the hard X-ray band; they are outnumber by type 1 QSO implying that are either more rare or more difficult to find. Finally, type 2 QSO have often been associated with very red objects and some authors (Gandhi et al. 2004; Severgnini et al. 2005 ) have even suggested a connection with ERO (Extremely Red Objects). ERO are characterized as having R-K colour > 5 (Severgnini et al. 2005 and references therein). We have collected this information for 4 out 5 sources and found that R-K is in the range 2.3-5.6; only IGR J12288+0052 is marginally compatible with being a ERO but its R-K value is only an upper limit. We can therefore conclude that probably none of our sources qualifies to be an ERO .
LINERs
Low-ionization nuclear emission regions (LINERs) were identified as a class of galaxies by Heckman (1980) based on the relative intensities of their oxygen emission lines. Suggestions for the ultimate power source of these objects include (1) a weak active galactic nucleus harboring an accreting, supermassive black hole, (2) hot stars (either young or old) and (3) shocks. Recent radio, UV, and X-ray surveys at high spatial resolution, mid-IR spectroscopy, and variability studies have uncovered weak AGN in the majority of LINERs studied so far, suggesting that they make up a large (perhaps the largest) subset of all AGN (Eracleous et al. 2010) . Furthermore, as suggested by Ho (1999) the detection of broad lines in the optical spectra of many LINERs constitute strong evidence in favour of the AGN interpretation. As Seyfert galaxies, also LINERs can be classified in two classes, 1 and 2, depending on whether or not a broad component in their optical spectra can be seen. In our sample, a number of objects (11) have LINER features: in the optical diagnostic diagrams used for AGN optical classification, 6 fall at the boundary with Seyfert 2 galaxies and 3 at the boundary with Seyfert 1 galaxies; the first are absorbed in X-rays while the second are not. Two objects lie in the region occupied by "pure" LINERs and are also absorbed in X-rays; both display only narrow lines in their optical spectra. So we conclude that, like Seyfert galaxies, also LINERs come in two flavours: unabsorbed type 1 and absorbed type 2. Given their high X-ray luminosities, it is almost certain that all of these objects are powered by AGN, although their 20-100 keV mean luminosity (∼1.7 × 10 43 erg s −1 ) is slightly lower than that of Seyfert galaxies (∼5.5 × 10 43 erg s −1 ). Total 272 † all the Compton thick sources are Seyfert 2 but , NGC 1365, which is optically classified as 1.9 and MCG-07-06-018, which is optically classifies as XBONG. 
OPTICAL CLASSIFICATION VERSUS X-RAY ABSORPTION
The optical classification scheme which follows the orientation-based AGN unified model (Antonucci 1993 ) is expected to be strictly correlated with the X-ray absorption. However, recently quite a few studies have claimed the existence of objects for which optical and X-ray classifications do not match.
Although not yet explained physically, it is commonly found in X-ray selected samples that ∼10% -30% of AGN which have only narrow lines in their optical spectra, suggesting extinction and thus classified as type 2, do not show absorption in their X-ray spectra (e.g. Panessa & Bassani 2002 , Tozzi et al. 2006 ). On the other hand, there are more and more objects optically classified as type 1 which show significant amount of absorption in their X-ray spectra, a feature which is at odds with the presence of broad lines in the optical band (e.g. Garcet et al. 2007 .
In this section we explore the connection between optical classification and X-ray absorption in the INTEGRAL AGN sample. Before proceeding with this comparison we need however to make some assumptions. Intermediate subclasses of Seyferts 1.2 and 1.5 are assigned to type 1 AGN, while those belonging to other types (1.8, 1.9) are considered as type 2 objects. Implicit in this, is the assumption that the late intermediate types (1.8, 1.9) are AGN viewed at intermediate inclination angles to the central source, possibly through the "atmosphere" of the dusty torus. In type 2 objects we have also included Cen B, which is a narrow line radio galaxy and also the 5 XBONGs discussed previously; the underlying assumption is that in these AGN both broad and narrow line regions are hidden by gas and dust. Also the 2 "pure" LINERs (MCG+04-26-006 and IGR J19118-1707) have been considered as type 2 AGN, since in their optical spectra only narrow line components are present. 22 objects in the sample are classified as blazars: 8 are BL Lac objects and 14 QSO. The former tend to be closer than the latter. These blazars have all been included in type 1 AGN for the following reasons: a) all those classified as QSO are broad line objects; b) all BL Lac can be interpreted as AGN where a relativistic jet, which is closely aligned to the line of sight to the observer, swamps the broad and narrow line region making the source optical spectrum featureless. The overall subdivision into optical classes is summarized in Table 1 where we also quote the percentage of type 1 (57%) and of type 2 (43%) objects. These percentages are not very different from those obtained following the X-ray classification: as seen previously 52% of our objects are unabsorbed and 48% are absorbed, suggesting that the AGN unification model generally holds. However, the match is not perfect as we have a number of absorbed type 1 sources as well as a number of unabsorbed type 2 objects. This is clearly visible in the histograms of the column density reported in figure 5 for type 1 (up) and for type 2 objects (down) separately; the line corresponding to NH=10 22 cm −2 is also plotted in order to immediately see how many sources fall in the forbidden regions (above and below this value for type 1 and 2 objects respectively). This is quantified in Table 2 , which provides the AGN subdivision according to both optical and X-ray classifications. There are 240 objects for which the match is as expected; these sources constitute 88% of the sample. The remaining objects, that is 22 type 1 AGN which are absorbed and 10 type 2 AGN which are unabsorbed, make the remaining 12%. In order to verify this correlation and to be able to compare our results with previous studies, the fourfold point correlation coefficient r defined as in Garcet et al. (2007) has been calculated. The use of this coefficient represents a rigorous way to quantify the correlation between the X-ray and optical classifications: when r=0 no correlation is observed, while when r=1 there is a strict correlation. We found a fourfold coefficient r=0.77±0.05 which indicates
The INTEGRAL/IBIS AGN catalogue I 7 a good agreement between optical and X-ray classification. Such a high correlation value was only found by Caccianiga et al. (2004) for their sample of bright X-ray sources; when samples of weaker sources are used, r becomes much smaller (around 0.3) implying only a mild correlation between optical and X-ray classifications (Garcet et al. 2007 ). However, as fully discussed by Garcet et al. (2007) , this may be due to difficulties in dealing with objects which are weaker or further away.
Absorbed type 1 AGN
Among type 1 AGN, 22 objects are absorbed including 2 Seyfert 1s, 6 Seyfert 1.2, 10 Seyfert 1.5, 2 NLS1 and 2 blazars, corresponding to ∼14% of the entire type 1 AGN population. Using the errors on column density reported in the table in the Appendix, we can define with some precision that the fraction of absorbed type 1 AGN ranges from 12% to 17%. This percentage is greater than the ∼11% found by Garcet et al. (2007) in their XMM selected sample. These authors also found that their absorbed type 1 AGN were high X-ray luminosity objects lying at high redshift (typically above z=1) giving an indication that this may be a common property at high redshift and luminosity values. This result, which has been recently confirmed by Mateos et al. (2010) and Scott et al. (2011) using 2-10 keV data, is not found in our hard X-ray sources: in fact, although our objects are relatively luminous in X-rays, they are not brighter than other type 1 objects nor lie at higher redshift (see table in the Appendix). Several interpretations have been suggested in order to explain the nature of absorbed type 1 AGN. For example, Maiolino et al. (2001a) have discussed a sample of nearby AGN whose X-ray spectra show evidence for cold absorption but there was no hint of obscuration in their optical data (hence their classification as type 1). They concluded that the ratio AV /NH in these objects is systematically much lower than the Galactic standard value. In a companion paper, Maiolino et al. (2001b) suggested that a dust distribution dominated by large grains in the obscuring torus could explain the low AV /NH values obtained. They claim that the formation of large grains is naturally expected in the high density environment characterizing the circumnuclear region of AGN. These large grains make the extinction curve flatter than the Galactic one and thus for a given NH value a reduced extinction and reddening are observed, compared to the Galactic standard. An alternative explanation was proposed by Weingartner & Murray (2002): they suggested that the line of sight to these AGN passes through ionized material located just off the torus and/or accretion disk. This material is responsible for the X-ray absorption, while the optical/infrared extinction occurs in material farther from the nucleus, where the dust may be quite similar to the Galactic dust. The X-rayabsorbing material may be dust-free or may contain large grains that have very small extinction efficiencies in the optical/infrared. This material may be associated with a disk wind, which would originate within the dust sublimation radius (see Murray et al. 1995) . In this case, the dust will sublimate and the obscuration/extinction in the optical will be much reduced, even if there is a strong absorption in the X-rays, produced by the ionized gas. Finally variability, i.e. non simultaneous X-ray and optical observations, could also explain the apparent discrepancy between the optical and X-ray classifications of some type 1 AGN. In order to study these absorbed type 1 AGN, we analysed in detail the available X-ray data of each object to have more information on the nature of the absorption measured. The 2 absorbed blazars will not be considered in the following discussion since, as showed in section 4.2, in these objects (PKS 1830 -211, De Rosa et al. 2005 and IGR J22367-1231, Bassani et al. 2007 ) the absorption is probably not intrinsic. We have reported in Table 3 the remaining 20 absorbed type 1 AGN, together with their specific optical sub-class, intrinsic dust reddening when available, X-ray column density, type of X-ray absorption (complex or ionized) reported in the literature, satellite used for the X-ray measurement and reference for the type of absorption. The dust reddening expressed as NH Opt has been estimated from the EB−V intrinsic to the source assuming the Cardelli et al. (1989) extinction law and NH Opt = 2.22 × 10 21 AV , where AV =3 × EB−V (Zombeck 1990) . It is worth noting that in those cases where the absorption was found to be variable or complex the highest NH value has been preferred. As evident from a comparison between the optical and X-ray column densities, dust extinction tends to be systematically lower than gas absorption, in agreement with Maiolino et al. (2001a) , implying that a non standard dust to gas ratio is a viable explanation for the absorption in our type 1 objects. A more interesting aspect emerging from Table 3 is the fact that many objects have X-ray spectra characterized by either complex (CA) i.e. multi absorption layers of cold material or warm/ionized (WA) absorption. These two models are somehow interchangeable as demonstrated for MKN 6 by Schurch et al. (2006) and Page et al. (2011) , implying that when absorption is found in type 1 AGN it can be modeled in both ways. The above authors also suggested that, between CA and WA, the second is to be preferred since it offers a more physical and testable description of the X-ray data; the WA model also provides a more natural way to explain the variability in the absorption seen in many objects as due to the presence of several distinct ionization phases. A possible location for this ionizing gas could be in an accretion disk wind or in the biconical structure mapped by the [O III] emission line (ionization cones) and seen in some objects, including NGC 4151, MKN 6, NGC 3227 and NGC 3516. The Chandra survey of Extended Emission-line Regions in nearby Seyfert galaxies (CHEERS project) provides some support to the ionization cones hypothesis (Wang et al. 2011 , Paggi et al. 2012 ). As can be seen in Table 3 , for a few cases we do not have detailed information on the nature of absorption, but only a simple neutral column density in excess to the Galactic value. However, for IGR J10147-6354, IGR J19491-1035 and IGR J09253+6929, the NH estimates are based on rather short (not more than 6 ksec) Swift-XRT observations and so it would be important to have higher quality spectral information before assessing the type of absorption in these sources. We have also re-analysed the Newton-XMM data of IGR J12107+3822 taken from the work of Parisi et al. (2012) which lists a number of objects fitted with a standard basic model. Unfortunately the data are not of high quality, the source remains absorbed in the various models tested, and we cannot exclude at the present stage whether the absorption is simple or rather complex/ionized. Regarding the possibility that optical/X-ray mismatch is due to variability, we note that a few of the sources listed in Table 3 have changed their classification in time: NGC 4151 from type 1 to type 2 and back, MKN 6 and NGC 3227 from type 2 to type 1 (Osterbrock & Koski 1976 , Shapovalova et al. 2009 and Pronik 2009 ). However, these type of transitions have always been associated to continuum changes with the type 2 designation found when the optical ionizing flux was in a low state. Thus in such objects, the weakness of the broad lines can be entirely independent of obscuration/reddening i.e. these remain type 1 AGN even if temporarily classified as type 2.
In conclusion, we find that no more than 20 objects, corresponding to 13 +3 −2 % of our type 1 sample, have NH > 10 22 cm −2 . This percentage has to be considered as an upper limit; the lower limit can be put at 11% by excluding the 3 sources for which only short XRT exposures are available. This percentage range coincides with that found by Garcet et al. (2007) . We also find that some type 1 AGN in Table 3 have dustto-gas ratio different than the Galactic one and all have a similar type of absorption. Therefore both explanations put forward to account for absorbed type 1 AGN can work, although the warm ionization hypothesis seems at this stage favoured. In any case, the absorption in these objects seem to be unrelated to the toroidal structure invoked by the AGN unifying theory and so absorbed type 1 sources do not seem to question its validity.
Unabsorbed type 2 AGN
Ten objects in the sample (see Table 4 ) are not absorbed in X-rays despite being classified as type 2 AGN. However, 3 of these are of intermediate type and so display evidence for the presence of a broad line region and therefore, following the assumptions we made in section 5, they are expected to be absorbed in X-rays more than type 1, although not as much as type 2 AGN. Indeed the column density distribution for type 1.9 and that for type 2 indicate slightly less absorption in intermediate type objects (see also Risaliti et al. 1999) . At least 2 (NGC5995 and IGR J17513-2011) of the 3 Seyfert 1.9 which are unabsorbed in X-rays have a column density close to 10 22 cm −2 . Taking into consideration the large uncertainties often associated with the measurement of NH, these objects can still fit with the unified theory if our line of sight grazes the outer edge of a central obscuring torus. However, this is not the only possible interpretation as intermediate classifications may also be related to other phenomena such as an intrinsically variable ionizing continuum or the presence of absorption/reddening unrelated to the torus: for example a source that would normally appear as a Seyfert 1 can be classified as an intermediate type if it is in a low optical flux state (Trippe et al. 2010) or a source could have the BLR obscured (except for the strongest Hα line) by dust related to large scale structures such as bars, dust lanes, and host galaxy plane (Malkan et al. 1998 ). Unfortunately we do not have sufficient information on these 3 sources to test either hypothesis although we note that NGC 5995 can be classified as an HII galaxy based on some diagnostics and as a Seyfert based on others (Shi et al. 2010) , while IGR J19077-3925 is possibly interacting with a nearby object: it is possible that dust unrelated to the torus is present in both AGN in the form of a starburst or due to interaction. The remaining 7 objects are Seyfert 2 not absorbed in X-rays: they make a small fraction (from 6 to 8% allowing for errors on NH) of all type 2 AGN in the sample. Panessa and Bassani (2002) estimated the percentage of this type of source to be in the range 10%-20%; this number which is derived from a non complete sample, is higher than that found by Risaliti et al. (1999) in a sample of optically selected Seyfert 2 (4%) but consistent with the estimate (12%) made by Caccianiga et al. (2004) . Much larger fractions (66-68%) are reported by Page et al. (2006) and Garcet et al. (2007) . Despite the above uncertainties, unobscured type 2 AGN may be a non-negligible part of the AGN population and one which mostly questions the AGN unification theory based purely on orientation: they may harbour a genuinely weak or absent broad line region (hence the name of "true" type 2 AGN), and thus are not the simple obscured version of type 1 objects expected from the unified model. However, before claiming that our 7 sources are true type 2 AGN we should exclude alternative interpretations. For example it has been argued that some "unobscured" Seyfert 2 galaxies are actually Compton-thick objects in which the direct nuclear component below 10 keV is completely suppressed and we would only witness an unabsorbed spectrum due to scattered nuclear radiation and/or host galaxy emission from a circumnuclear starburst; the presence of heavy obscuration can also be lost in a low S/N X-ray spectrum. A clear signature of the Compton thick nature of a source is the presence of a strong FeKα line with an equivalent width of ∼1 keV: none of the sources with good quality X-ray data (ASCA, XMM and Suzaku) display such an evidence. On the other hand, XRT spectra do not have sufficient sensitivity to allow the detection of the iron line in weak objects. Another method to recognize such misclassified Compton thick sources, is to use the diagnostic diagram of , which plots the X-ray absorption as a function of the source flux ratio F (2−10)keV /F (20−100)keV : for our sample of type 2 AGNs this is shown in figure 6 where Log NH is the value reported in the table in the Appendix and which is either the intrinsic or the Galactic absorption, this latter being taken again as an upper limit to the X-ray column density. A clear trend of decreasing flux ratios as the absorption increases is expected due to the fact that the 2-10 keV flux is progressively depressed as the absorption becomes stronger. Indeed the two lines shown in the figure describe how the flux ratio changes as a function of NH in the case of objects characterized by an absorbed power law having a photon index of 1.5 and 1.9 respectively. It is evident that the majority of our sources follow the expected trend with most absorbed AGN showing progressively lower F (2−10)keV /F (20−100)keV values. Misclassified Compton thick AGN are expected to lie in the region of low X-ray flux ratio and low NH values. Four type 2 AGN: LEDA 96373 (#3), IGR J12288+0052 (#4 a source already discussed in section 4.2), IGR J18311-337 (#5) and IGR J01545+6437 (#6) are located in this region but, while three are absorbed, although not heavily, the only one with NH below 10 22 cm −2 is IGR J01545+6437.
For this last source the F 2−10 keV /F[Oiii] ratio 2 often used as another way to pinpoint heavily absorbed Seyfert 2, is small (0.64) but not so much as to unambiguously classify the source as a Compton thick object (Bassani et al. 1999a ). Clearly in this case, where only poor quality X-ray data are available, a statistically more significant X-ray spectrum is needed to better classify this source in terms of absorption. The lack of deep X-ray observations is also the reason that prevents us to give conclusive results in the cases of the other 3 sources (for example the detection of strong iron lines) which, although absorbed, have a low X-ray softness flux ratio; indeed also the F2−10 keV/F[Oiii] ratio is not sufficiently constrained to discriminate between Compton thin and Compton thick absorption. Various other explanations have been proposed to understand the nature of unabsorbed type 2 AGN such as state transitions and non-simultaneous X-ray and optical observations, as already mentioned. Some AGN change their optical classification over time, while others display rapid variations in their X-ray column density: such objects might be classified as unobscured (in X-rays) type 2 objects by chance, if the X-ray and optical data are obtained at different times. One example of such an object is NGC 2992. This source has a long history of variability both in the optical and X-ray regime (Trippe et al. 2008) : it was originally classified as a Seyfert 1.9, but it has been seen previously as a Seyfert 1.5 with strong broad Hα emission while more recently it changed again to a type 2 AGN. Because the changes in the optical seem to be correlated with the X-ray brightness, it seems that NGC 2992 is a type 1 Seyfert (hence unabsorbed) becoming a type 2 AGN only when the nucleus is in a low continuum state and the broad emission lines are extremely weak or absent. The small absorption present seems to be related to a dust lane in the source rather than to an obscuring torus (Trippe et al. 2008 ). It is difficult to assess if a similar behaviour is present in other unabsorbed Seyfert 2 galaxies in the sample since we lack a long history of observations for those AGN which have only recently been discovered by INTEGRAL. Nevertheless, for a few objects in Table 4 , we find evidence for variability at least in X-rays that could indicate a similarity with NGC 2992. IGR J16024-6107 is seen varying in the INTEGRAL data being a burst source (see Bird et al. 2010 for details) and also between Swift XRT observations (the count rate in the 0.3-10 keV band dropped by a factor of 1.7 over 21 days period). Also IGR J07565-4139 is seen varying between XRT, Chandra and XMM observations , De Rosa et al. 2012 while IGR J14515-5542 shows a different flux when two XMM Slew observations performed 7 months apart are compared. It is thus important for these objects to perform optical and X-ray spectroscopy as close in time as possible.
Another explanation put forward to interpret unabsorbed type 2 AGN is an extremely high dust-to-gas ratio (NHOpt/NH ) compared with the Galactic value. This option has been poorly explored in the literature because the few measurements so far available indicate that this ratio is generally 3-100 times lower than the Galactic value (Maiolino et al. 2001a) . This is basically the reverse situation described in the previous section for absorbed type 1 AGN where observations require more gas than dust; in this case instead we need less absorbing gas and much more optical dust reddening. Also in this case, we have been able to collect EB−V values intrinsic to the AGN for most of the sources in our sample (see column 3 of Table 4 ) and have converted them into an optical column density as done in Table 3 . In most cases, the optical (dust) absorption is similar within errors to the X-ray (gas) one, implying a dust to gas ratio in the range 0.4-1.4, i.e. similar to the Galactic value, an indication that in these cases this explanation is not appropriate. The only possible exception is IGR J03249+4041(SW), which has an optical reddening of 1.3 ×10 22 (Masetti et al. 2012 ) a factor of 10 higher than the admittedly loose lower limit on the X-ray column density. This suggests that either the X-ray absorption is largely underestimated or that dust is present in large quantities in the source and is responsible for masking the broad line region. IGR J03249+4041(SW) is part of a group of 3 galaxies in a common halo (Lutovinov et al. 2010 ); at least two galaxies are AGN (IGR J03249+4041(SW) and IGR J03249+4041(NE); see also the table in the Appendix) interacting among themselves, which gives rise to a complex structure (Meusinger et al. 2000) . It is therefore not surprising to find such large quantities of dust in this galaxy. The last possible explanation for unabsorbed type 2 AGN is the dilution effect: broad emission lines in these objects can be overwhelmed by the host galaxy light in addition to being hidden in a low S/N optical spectrum. However, this effect is unlikely to be important in the spectra acquired within our own optical identification program since their S/N ratio is good enough to characterize the shape of the emission lines. Also the spectral resolution is sensitive enough to definitely assess wether a line is narrow or broad; therefore we do nor expect that the contribution of the underlying continuum could alter the classification (Masetti et al. 2012 and references therein). Finally, it is worth noting that in a few objects of Table 4 the X-ray data are of low statistical significance and of limited spectral coverage (mainly from XRT observations); in these cases it is possible that more refined measurements will provide a more precise estimate of the source column density and a value more in line with the object optical class. If a source cannot be explained by any of the above hypotheses, then it is probably a "true" type 2 AGN, i.e. a source with a very weak or even absent BLR. After close scrutiny, only a handful of objects have been identified with true unobscured type 2 AGN in the literature (Shi et al. 2010) ; the main contamination comes from Compton thick AGN not recognized as such for lack of good quality X-ray data or broad band X-ray spectral coverage (Shi et al. 2010) or by type 1 AGN with optical spectra overwhelmed by a luminous host galaxy (Garcet et al. 2007 ). Our set of sources have not been studied in detail to exclude these alternative explanations. Furthermore, although our unabsorbed type 2 AGN tend to be dimmer in X-rays than absorbed ones, their 2 -10 (and 20 -100) keV luminosities are always above 10 42 erg s −1 : this is incompatible with models (Nicastro 2000; Nicastro et al. 2003; Elitzur & Shlosman 2006) where at low accretion rates (and hence low luminosities) the BLR cannot form. Therefore we can estimate that at most only half of the sample is still eligible to be classified as a "true" type 2 AGN, i.e. 3-4% of the entire type 2 poputation, a value similar to the original estimate by Risaliti et al. (1999) .
SUMMARY AND CONCLUSIONS
In this work we have presented a new INTEGRAL AGN catalogue which, being made by collecting all the AGN from the 4th IBIS catalogue and the Krivonos et al. (2007) IBIS sky survey, represents the most complete view of the INTE-GRAL extragalactic sky up to now. It lists 272 AGN for which we have secure optical identifications, precise optical spectroscopy and measured redshift values plus X-ray spectral information, i.e. 2-10 keV and 20-100 keV fluxes and column density. A list of AGN properly characterized in this way is an ideal tool for population studies. Here we mainly used this sample to study the absorption properties of active galaxies, to probe new AGN classes and to test the AGN unification scheme; some of the results presented here are the refinement of previous works, while others are obtained here for the first time using a hard X-ray selected sample. Assuming as a dividing line between absorbed and unabsorbed AGN a column density of 10 22 cm −2 , we find that half (48%) of the sample is absorbed while the fraction of Compton thick AGN is small (∼7%). In line with our previous analysis, we have shown that these fractions suffer from a bias towards heavily absorbed objects which are lost if weak and at large distance. When this bias is removed, as is possible in the local Universe, the above fractions increase to 80% and 17% (within 60 Mpc) in full agreement with our previous results ). We also find that absorption is a function of source luminosity, which implies some evolution in the obscuration properties of AGN. Unfortunately it is difficult at the present stage to disentangle between this evolution effect and the bias discussed above as the two are strongly correlated. This important aspect will be explored in the future with a dedicated study. Among the 272 AGN, a few peculiar classes, so far poorly studied in the hard X-ray band, have been detected for the first time such as 5 XBONG, 5 type 2 QSOs and 11 LINERs. The properties of the 5 XBONG can be explained in terms of heavy obscuration combined with dilution due to a bright galaxy host; given the X-ray luminosity involved, these objects are unlikely to be explained in terms of radiatively inefficient accretion. None of the type 2 QSO is heavily absorbed nor qualifies to be a ERO; type 2 QSO make a small fraction of the sample (2%) and are largely outnumbered by type 1 QSO, suggesting that they are less numerous or more difficult to find. Finally we have been able to observe hard X-ray selected LINERs for the first time: akin to the Seyferts they come in two flavours (type 2 and 1) and, similarly, the first are absorbed while the second are not. All our LINERs are obviously powered by an AGN. The careful classification of each AGN listed in the catalogue has allowed the study of the correlation between optical classification and X-ray absorption and hence to test the AGN unification model. Although the presence of a correlation is expected and indeed found, i.e. type 1 AGN are typically unabsorbed while type 2 AGN are often absorbed, its strength changes from sample to sample but is never 100%. The outliers are clearly very interesting objects because they question the validity of the Unified Theory and therefore can provide information on how to refine it. In terms of optical classification, our sample contains 154 objects (57%) which are of type 1 and 118 (43%) which are of type 2; this subdivision is similar to that found in Xrays if unabsorbed versus absorbed objects are considered, suggesting that the match between optical and X-ray classification is good overall. Only a small percentage of sources (12%) does not fulfill the expectation of the Unified Theory as we find 22 type 1 AGN which are absorbed and 10 type 2 AGN which are unabsorbed . Looking in depth at these sources we conclude that:
• Most of the absorbed type 1 AGN have dust extinction systematically lower than gas absorption, confirming previous results from Maiolino et al. (2001a) . More interestingly, however, is the fact that many absorbed type 1 AGN have X-ray spectra characterized by either complex or warm/ionized absorption; these two models provide quite similar fits so that we can conclude that all absorbed type 1 AGN present the same type of absorption, more likely due to ionized gas located in an accretion disk wind or in the biconical structure associated to the central nucleus. Since this type of absorption is unrelated to the toroidal structure invoked by the AGN unifying theory, absorbed type 1 sources do not seem to question its validity.
• We also analysed all 10 type 2 AGN which resulted to be unabsorbed to see if the lack of X-ray absorption could be explained somehow before considering them as "true" type 2 AGN. We found that a) one is possibly a Compton thick object (IGR J01545+6437), b) a few sources are variable in X-rays so that their different optical/X-ray classifications can be explained in terms of state transitions and/or nonsimultaneous X-ray and optical observations (NGC 2992, NGC 5995, IGR J16024-6107), c) at least one source could be characterized by an extremely high dust-to-gas ratio (IGR J03249+4041). All together we estimate that at most only half of the sample is still eligible to be classified as a "true" type 2 AGN, i.e. 3-4% of the type 2 sub-sample.
In conclusion, the standard-based AGN unification scheme is followed by the majority (up to 96-97%)of bright AGN, very few outliers are found among type 2 AGN and almost none among type 1 sources; despite absorption being present in a significant fraction of type 1, it is likely unrelated to the torus but rather to ionized gas near the source central engine. These are some of the results that can be obtained with the present large sample, highlighting the potential of statistical and population studies using hard X-ray selected AGN. Further work involving absorption on a large scale is in progress.
APPENDIX A: INTEGRAL/IBIS AGN SAMPLE
In this Appendix we report the table containing the optical coordinate, redshift, class, 20-100 keV flux and X-ray data (2-10 keV flux, column density and reference work from which these data ) for the full AGN sample presented and discussed in this work.
NOTES on table A1: Names in bold are for hard Xray sources from the INTEGRAL all-sky survey by Krivonos et al. 2007 (see text) . ⋄ value of NH in bold are Galactic column density measured in the source direction (see text)
⋆ flux variability (a) interacting galaxies where the INTEGRAL/IBIS detection is referred to both galaxies and the 20-100 keV flux has been estimated to be 50% to each galaxy (see text for details).
(b) this source has a wrong name (ESO 548-G01) in the 4th IBIS catalogue, here the right name and the right redshift has been reported (c) a different value of column density comes from a published Chandra observation (Tomsick et al. 2007 ) where it is not clear wether the authors include Galactic absorption or not in their estimate of NH. This source has now been observed by XRT and these more recent data provide a column density of NH = 0.95
+0.34
−0.30 × 10 22 cm −2 ; since the Galactic absorption in the source direction is ∼ 10 22 cm −2 it is very likely that the Chandra estimate includes both Galactic and intrinsic absorption.
(d) INTEGRAL flux comes from the whole map and has to be considered as a lower limit since the source has been best detected in a revolution map likely during a flare. Its variability and its black hole mass (Masetti et al. 2010 ) are typical of hard X-ray selected blazars, however the lack of radio detection poses still some doubts on the blazar nature.
(e) ESO 138-1 and NGC 6221 are blended in the IBIS maps and trough a simulation we have estimated the contribution of each source in the 20-100 keV band which is almost 50% (f ) for this source we have very recently obtained XMM data. The preliminary analysis indicates that the column density is 0.81
−0.04 × 10 22 cm −2 ; this value is compatible with that measured by XRT (Molina et al 2009) but the uncertainty is now sufficiently small to consider the source as not absorbed.
(g) pair of galaxies MCG+04-48-002 (#1) and NGC 6921 (#2) where the INTEGRAL/IBIS detection is referred to both galaxies and the 20-100 keV flux of each has been estimated. 
